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Although a few preservatives have become standard in the wood-
preserving industry because of their service records, a need still exists
for the extension of our knowledge of the relative effectiveness of other
chemicals that may be used on wood, During the past year the writer has
had an opportunity to moke laboratory toxicity tests with some 60 or more
chemical substances, and to check some of these tests with field tests
made by the New Orleans Branch of the Division of Forest Pathology. Both
wood-destroying and blue-staining fungi were used in these investigations.,

The chemicals studied were too widely different in composition
to add much to our knowledge of the theory of toxicity, yet the results
were interesting and were useful in determining toxicity ranges. Although
the primary purpose of the laboratory tests was te eliminate chemicals
- or groups of chemicals that did not display sufficient toxicity to show

promise for the control of sap stains, molds, and wood-destroying fungi on
lumber, additional observations of behavior that may indicate the suit-
ability of the chemical for other preservative service were also recorded.

Experimental Procedure

The Laboratory procedure for the tests varied according to the
type of chemical used, Liquids, salts soluble in water, and salts insoluble
in woter were tested. For liquids immiscible with water, a definite volume

Lpresented at the 28th Annual Meeting of the American Wood-Preservers'
. Assn., January 26-28, 1932, St. Louis, Mo,

gThe writer expresses his appreciation of valuable suggestions and
é criticisms made by ¥. W. Tilley and J. M. Schaffer of the Bureau of
Animel Industry, he acknowledges with pleasure the cooperation of
O. A, Nelson of the Bureau of Chemistry in offering suggestions and
in swplying materials, and he thanks other interested individuals
d and firmg that -have submitted chemicals for test or have helped with
the work in similar ways.

JR1O76




of the chemical was added to a given volume of malt agar medium. For
water-soluble salts and liquids miscidble with water, 3 ml. of the desired
concentration of the toxiec material in water was added to 17 ml. of the
malt agar, the mixture was well shaken, and was then poured into sterile
Poetri dishes. For salts insoluble in water a weighed amount of the chem-
jical was added to Y400 ml., of sterile malt agar, and after thorough shak-
ing, the toxic agar was plated out in Petri dishes. The chemicals, al-
though mixed with the agar when the agar was still warm, were in no case
boiled or sterilized with the agar. Steriligzation of the chemical was
not desmed necessary, for if the chemical being tested was not toxic
enough to kill any fungus that it might contain, it would likewise not
be sufficiently toxic to the wood-destroying or blue-staining erganisms
to warrant field tests for controlling sap~staining fungi.

The procedurc followed as nearly as possible the methods re-
ported by Schmitz et al.2 Although there was also some variation in the
organisms tested, both blusc-staining and wood~destroying fungi were in-
cluded in virtually all of the tests., Following are the names and the
strain numbers of the various straing of fungi used; the first three
are wood-destroyers and the last six are blue-stainers:

517-—Fomes onnosus (Fr.) Cooke
617--Lenzites trabea (Pers,) Fr.
56%--Poria incrassata (2. & C.) Burt
134-~Ceratostonella pini Minch
181--Ceratostomella pini Minch
3--Ceratostomella pilifera (Fr.) Wint.
76--Ceratostomella pilifera (Fr.) Wint.
198 pl.--Ceratostomella pluriannulata Hedg.
198 gr.--Graphium rigidum (Pers.) Sacc.

n

A paper presented before this Association last year— included
data on the toxicity of 25 chemicals, When that paper was prepared the
data collected were based on a three-wecks' incubation period on toxic
agar media, and then an egual period of incubation of the inoculum bdlock
on sterile agar slants. In the later tests, in keeping with the sugges-
tions of Schmitz et al., the test time wus shortened to two weeks each on
chemically treated agar and on sterile agar slants, This procedure made
possible the determination of the percentage concentrations that killed
the fungi, the lower concentrations (known as inhibition concentrations)

3-Schmitz, Henry, et al. 4 suggested toximetric method for wood preser-
vatives, Ind. Eng., Chem., Analyt. ed. 2(4):361-63, 1930.
This article has been reprinted in the Proc. Amer, Wood-Preservers'
Assn., 19%1, vp. 81-36,

~Hatfield, Ira. Recea’ experiments with chemicals suggested for wood
preservation. Proc, Amer, Wood-Preservers'! Assn., 1931, pp. 304-14,
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that neither killed the fungi nor allowed them to grow while in contact
with the chemically treated agar, and the still lower concentrations
that did permit the fungi te grow when in contact with the chemically
treated agar.

For the present report it was also desirable to substitute two
lumber~yard blue-stainers, namely, Ceratostomellsa pluriannulata No., 198
pls ond Graphium rigidum Mo. 198 gr., for C. pini No. 134 and C. pini
No. 181, which are not especially impertant on lumber because they are
more or less confined to ingect-infested trees,

Materials

In order to make this paper more nearly complete the toxicity
ranges from the earlier chemical tests are tabulated with the informa-—
tion collected subsequently. For convenience, the chemicals that were
recelved from various sources are arranged in the following five groups.
Group I contains 21 benzene derivatives, Group II has 16 ethyl mercury
and phenyl mercury compounds, Group III is comprised of 5 aniline and
fluorine compounds, Group IV includes 9 German proprietary compounds,
and Group V is made up of 36 miscellaneous compounds.

Experimental Results

Group I

The results of the tests of the chemicals in Group I are
shown in Table 1. Since the primary purpose of the investigation was
to evaluate the relative toxicity of the various chemicalg tested, it
was impractiecal to do more than determine the range of concentration
within which the killing point was located. Hence only the highest
concentration tested at which the organism remained alive and the
lowest concentration tested that killed the funzus are reported in the
tables, No attempt is made to show the range of inhibition, for in
some instances it extended over a wide range of percentages and in
other instances the inhibition point was not represented in the con-
centrations tested,

Most of the 21 benzene derivatives showed a fair degree of
toxicity toward the bluc-stainers and the wood-destroyers, and several
were relatively highly toxic. In this last group one would place
tetrachlorophenol, sodium tetrachlorophenolate, sodium dinitrophenolate,
butyl phenol, 2-chloroorthophenylphencl, and paraxylyl mercuric chloride.

Tetrachlorophenol itself was very insoluble, but the sodium salt was
goluble and its toxicity rangeé was as good as and perhaps slightly
better than the tetrachlorophenol, Sodium dinitrophenoclate would
probably be objectionable where the yellow discoloration of the wood

R1076 i



would be undesirable, Unless the cost of butyl phenol can be reduced,
it probably can not compete with the other chemicals mentioned, since
cost is highly important to the lumber industries interested in the use
of chemicals for dipping lumber. The 2-chloroorthophenylphenol is a
viscous, oily material, and hence would be difficult to use in water alone,
but perhaps could be used if emulsified. Its sodium salt, however, which
will be included in later tests, may perhaps overcome the immiscibility
difficulty., Since paraxylyl mercuric chloride is an organic mercurial,
the same precautions should be applied to it as to the orgunic mercurials
discussed in connection with Table 2, A word should algo be said about
the Y-nitro-3, H-biacetoxymercuri-2-cresol (Metaphen). When the manu-
facturer submitted it he did not make clear the fact that it was a

1:500 solution. Concentrations were therefore computed as if it were

a pure chemical , and hence its toxicity did not show as favorably as

it really should., PFurther tests might be made, but cost, color, and
other factors make it interesting at the present time only from the
standpoint of its relative toxicity.

Group II

The toxicity information on the ethyl mercury and the phenyl
mercury compounds in Group II is tabulated in Table 2, Comparison of
the toxicity ranges for some of the compounds showsonly slight differ-
ences in the effectiveness of some of the chemicals as fungicides. If
these same relations hold when the chemicals are applied to wood, some
factor other than toxiecity to fungi, such as possible effect of
mercurials upon workmen, unit cost of the chemieals, noncorrosiveness,
or permanence over the period during which protection is needed, will
no doubt determine the selection of the chemical for lumber dipping or
other fungicidal uses. In evaluating the fungicidal action of any of
the chemicals discussed in this paper, one must also consider the use
to which the treated wood ig to be put. Obviously chemicals that
would impart an odor to food materials or would otherwise alter the
usanility of the food products could not be applied to lumber going into
food containers even though the chemicals were highly fungicidal.

The difference in the effective toxicity of the first 14
chemiculs as compared with the last 2 chemicals listed in Table 2 should
be mentioned here. The 14 were mixtures of active material with certain
inecrts, whereas the 2 were laboratory samples of active material only.
The exact nature of the inerts used need not be given, but it may be
well to state that the inerts were added to the toxic ingredients to act
as carriers for the toxic material and to reduce the hazard to field men
working with the highly potent, chemically purc material. No attempt
hag been made to present the toxicity range of the mixtures in terms
of active ingredientg, for the addition of so-called inerts often changes
the toxicity of a compound., Since we have neot tested the chemically
pure materials first and then tested the mixtures, we have no real
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basis for attempting to evaluate the toxicity of the active material,
and so for mixtures we must express the results in terms of the total
sample, It should also be pointed out that the test with the phenyl
mercury chloride probably does not represent the true toxicity values
since the material was not completely soluble at the higher concentra-
tions,

Group III

The third group of chemicals, submitted by the Bureau of Chem-
istry and Soils, U. S. Department of Agriculture, consisted of five
aniline and fluorine compounds, as given in Table 34 The toxicity of
these materials toward the organisms reported upon in this paper was
determined because a relatively high fungicidal value against certain
species of fungl hag been attributed by many persons to the component
parts of these preparations, Judging from the results obtained, it is
rrobable that none of these chemicals would prove useful as wood pre-
servatives or sap-stain preventives., Besides lacking pronounced toxicity
toward these organisms, the copper and fluorine mixtures would be
objectionable on wood because of their blue color, and the other three
compounds have reduced value because of the color produced by the dye.
The color reactions brought about by the growing fungi were interesting
to observe, but a report on this phase is not warranted in this paper,

Group IV

Table Y contains information on nine German proprietary chem-
icals. The chief reason for testing some of themws to get information
on their effects upon Fomes annosus, When such tests were the primary
consideration, the blue-staining organisms were not used. BEven for some
of the chemicalg that were tried on both wood-destroyers and blue-
stainers the results may have reduced value, for some of the materials
containing chromates and dnitro compounds were colored too much to be
used as fungicides on lumber where color would be objectionable., To
have tested higher concentrations of some of the chemicals, such as
Basilit and Benetol, would have been desirable, but at concentrations
above those shown in the table these materials were not soluble.

The phenyl mercury acetate and coal tar product mixture is
practically no more toxic than phenyl mercury acetate or coal tar creo-
sote individually, and on the other hand it is corrosive to the skin,
Of the German chemicals tested, the phenyl arsenic oxide and coal tar
procuct mixture showed the greatest toxicity. Thanalith~U, which is
on the market as an improved Wolman salt, shows but a slight difference
in its foxic range as compared with the former Thanalith.
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Group V

The toxicity limits of the miscellaneous chemicals of Group
V are cshown in Table 5, Since almost every one of the materials was
tried with a particular use or reason in mind, an explanation should
perhaps be given for some of them: In & number of the toxieity ranges
recorded in the table it is evident that the uwpper toxicity limit was
not recached., From the scientific point of view it would be well to test
higher concentrations of the material, but ih most of these instances
the commercial possibilities did not warrant further tests since many
other chemicals that may prove valuable remain te be tested,

In conneetion with some of the chemicals tested, the question
of chemical composition may be important to the reader, Although this
office has made a practice of testing no chemicals unless the
composition of the material is known to us, in some instances it has
been the wish of the person or firm furnishing the material that we
withhold such information because of patent procedure, or for other
sufficient reason. Hence only the trade name or the firm name appears
for some of the materials.

The ammonium hydroxide and ethyl alcohol mixture was tested
because we wanted to know how much of the toxicity of the German
mercury compound could be attributed to that mixture, which was used
to dissolve the mercury compound. In dissolving the material 5 ce.
of ammonium hydroxide, 20 cc. of 95 percent ethyl alcohol, and 75 cc,
of water were added to 0.5 gram of the mercury compound. The effec-
tive toxicity of the mercury compound was first computed on the basis
of the compound alone, Then the question arose as to the possible
effect of the solvents, and so the same proportions of solvents were
tried with the mercury compound omitted.

Because leaves sprayed with casein-water solutionsvere
afforded some protection against a parasitic fungus, it seemed
desirable to test its effectiveness toward the fungi in agar culture.
Since & high concentration of cascin was required to kill the fungi
examined, it is probable that when sprayed on the leaves the bene-
ficial effect could be linked with a mechanical protection or a
related phenomenon rather than with actual toxicity.

Glutrin and Goulac are trade names of specially processed
sulfite liquors from wood-pulping industries. Glutrin is a liquid
material whereas Goulac is a powder,

Pyridine was included because if it were toxic to fungi ib.
might find use as a log spray where a combined fungicide and insect
repellant would be valuable, Later experiments, however, have not yet
shovm the material to serve this dual purpose. Some of the other
chemicals had objectionable color, tut were tested in order to obtain
comparative information.
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Sterilac is an alkaline mixture of chloroamines, and minerec is
a mixture of xanthic anhydride and ethyloxycarbonyl sulfide., The compo-
sition of most of the other materials mentioned in the table of migcel-
laneous chemicals is indicat ed by the name., In thoge where the chemical
composition is not given in the table or discussion, the information is
being withheld for the reasons already mentioned,

Reference to Table 5 will give evidence that few of the chemi-
cals listed in the miseellaneous group possess a high degree of toxicity
to the organisms tried and under the conditions tested. Minerec and the
mercury compounds showed the highest toxieclty.

Conclusions

Virtually all of the benzene derivatives of Group I showed a
fair degree of toxicity. Among the nonmercurials, 2-chloroorthophenyl-
phenol, codium tetrachlorophenolate, and butyl phenol were perhaps the
best. Although sodium dinitrophenolate was quite toxic, its color
might be objectionable,

All of the chemicals in Group II showed a high dégree of fungi-
cidal efficiency toward the wood-destroying and blue-staining organisms.
When a number of similar compounds show only a slight difference in
toxicity on agar and the same relationship helds on wood, the choice
of the one to use under field conditions should be based on some other
factor, such as cost, freedom from corrosiveness, nonpoisoneusness to
humar beings and animals, or some such guality that distinguighes it
as most suitable for commercial use.

Probably none of the chemicals of Group III would be useful
as lumber dips, for their color or other properties do not satisfactorily
meot the needs, Essentially the same ean be said of Group IV chemicals,
for they ' are all yellow and if used in a concentration high enough to
be fungicidal they would impart a yellow color to the lumber or weuld
otherwise be undesirable,

Something has already been said about the reasen for ineluding
many of the chemicals listed in Group V. Although some of them may have
value as fungicides where the requirements are not the same as those
for lumber dipping, they do not have the qualities required here, The
data will later be interpreted in terms of log—sprsy needs, and some of
the chomicals may find use there.

Summary

In order to summarize briefly the relative toxicity of the
various chemicals tested, Table © is presented, The toxicity limits
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for a representative wood-destroying fungus and a representative blue-
staining fungus are given. JFomes annosus No. 517 is selected as the
wood~destroyer, since it has been adopted as a standard fungus for
toximetric tests. Ceratostomella pilifera No. 3 is selected as the
blue~stainer, JFor sonvenience of location, the chemicals are arranged
alphabetically, To obtain the results of the tests with other fungi,
reference should be made to the body of the paper; the last column

of Table 6 will assist in locating these resitilts.
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